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Structural fibre-reinforced polymer composites are traditionally
brittle: their strain-to-failure is below 4%. The latter can be
increased by using more ductile fibres, but most ductile fibres
used in composites (like polymeric or natural fibres) are
limited in stiffness (<30 GPa).
Steel fibres are unique in this respect as their strain-to-failure
can be tailored with no effect on the high stiffness. The strain-
to-failure of annealed stainless steel fibres can be as high as
20%, which is 10 times higher than of carbon fibres, but with a
similar stiffness (±193 GPa).
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One of the challenges in steel fibre
composites is related to a high
property mismatch with the polymer
matrix. Because steel fibres are
isotropic, they generate high stress
concentrations at the fibre/matrix
interface. These high stress
concentrations can lead to an early
onset of matrix cracks and local
debonding of the fibre.
INCREASE THE ADHESION STRENGTH
Different silane coupling agents are deposited on the surface
of the steel fibres using wet chemical methods to modify the
adhesion. In a transverse 3-pb test the epoxy functionalized
silane (GPS) shows a ± 50% increase in adhesion strength.
When applied in a 0/90 laminate, the higher adhesion
increases the yield strength and in-situ strength of the 90°ply.
Three strategies were presented to overcome the high
property mismatch between the steel fibres and the polymeric
matrix. Through these strategies, the properties of steel fibre
composites can be improved. In further research the influence
of these modifications will be tested in more complex
mechanical properties such as fatigue and impact.
STIFFEN THE INTERPHASE REGION
To overcome the high stiffness mismatch between steel fibres
and the surrounding matrix, CNTs can be grafted on the
surface of the fibres. Using CVD and the equimolar C2H2-
CO2 reaction, it is possible to grow CNTs on the steel fibres
without the use of catalytic particles.
There are three strategies to address this issue:
Increase the matrix toughness
Increase the adhesion strength
Stiffen the interphase region
Debonded steel fibre in an epoxy matrix
INCREASE THE MATRIX TOUGHNESS
To analyse the influence of the matrix toughness, the
toughness must be increased without altering the fibre/matrix
interphase. Using 2 types of PA-6 matrices, with different yield
strengths, it can be shown that increasing the toughness
increases the strain-to-failure.
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